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SUMMARY 


Three-dimensional views are presented of the first three natural 
vibration mode shapes of ten cantilever -wing models. A table of nor- 
malized deflections at six spanwise and five chordwise stations is 
included for each mode. These mode shapes were measured by a rather 
•unique experimental technique using grains of sand as accelerometers. 
The technique, which is particularly suited for measuring mode shapes 
of small wing models, is described and some of the difficulties likely 
to be encountered in applying the technique are discussed. 


INTRODUCTION 


In order to perform a modal -type flutter analysis of a wing, it is 
necessary to know the first few natural vibration modes • Several experi- 
mental methods can be used to determine them. A photographic technique 
is described in reference 1. Mirrors placed on the wing can be used to 
measure slopes from which deflections can be computed^ accelerometers or 
micrometers which incorporate various sensing devices can be used to meas- 
ure amplitudes directly. Mode shapes can also be calculated from measured 
influence coefficients. (See, for example, refs. 2 and 3*) These methods 
have disadvantages, however, when used on small wing models. 

This paper describes a technique that is particularly suited for the 
measurement of mode shapes of small wing models. This technique is an 
extension of the technique described in reference k with the "chatter 
bar" replaced by sand. In addition to a description of the new tech- 
nique, the first three mode shapes of ten cantilever-wing models are 
presented . 
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SYMBOIS 

A aspect ratio 

b wing semichord at root measured parallel to airstream 

f n natural vibration frequency for the nth mode, cps 

2 length of semispan of model measured normal to stream direction 

t thickness of wing 

x chordwise station, measured parallel to root chord from 

leading edge 

y spanwise station, measured perpendicular to root chord from 

the root 

z airfoil thickness ordinate, ^-j^lOO 

A sweepback angle of quarter-chord line 

A taper ratio 


EXPERIMENTAL TECHNIQUE FOR DETERMINING NATURAL VIBRATION MODES 


General Concept 

A new technique, which may be termed "the 1 g method,” is used in 
determining the natural vibration modes given in the present report. 

The technique is based on the principle that the acceleration of a par- 
ticle vibrating in simple harmonic motion is the product of its amplitude 
and circular frequency squared. At any given frequency, therefore, par- 
ticles having equal accelerations will also have equal amplitudes. An 
acceleration corresponding to that of gravity occurs when a particle 
placed on a vibrating wing just begins to rise from the surface. 

In the 1 g method, the wing surface is sprinkled with sand and vibra- 
ted at one of its natural frequencies. A line, or lines, along which 
the acceleration is equal to gravity and the amplitude is, therefore, 
constant is obtained between regions of bouncing and stationary sand. 

By changing the magnitude of the exciting force the wing amplitudes are 
changed and the location of the 1 g line or lines is changed. This is 
illustrated in figure 1 which shows a hypothetical wing vibrating in 
first bending at three discrete amplitudes. The abscissa is the wing 
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semispan and the ordinate is the acceleration. The cross-hatching on 
each curve represents regions where the sand is bouncing ( accelerations _ 
greater than that of gravity). The boundaries between regions of bouncing 
and stationary sand are shown at spanwise locations a, b, and c. or 
each of the three wing amplitudes shown in figure 1, the strain is meas- 
ured at the wing root. It is assumed that the wing amplitude varies lin- 
early with root strain and that the relative distribution of amplitude _ 
(mode shape) is independent of absolute amplitude. Tl;e following analysis 
shows how the root strains are used to convert the 1 g lines into contour 


lines 


[1UW one: -L U ~ - . x 

that define the wing mode shape, (Refer to figure l.j 


Let 8 X be deflection at semispan location x for wing ampli- 
tude n and a n he strain associated with amplitude n, and its corre 
sponding 1 g line. Then, 


Ox 

— ^ or 

^a 1 a l 




If similar relations are written for the other deflections, based on 
the arbitrary wing amplitude 3, at spanwise stations band c, the 
quantity in the parenthesis is seen to be a constant. Since the deflec 
tions defining the mode shape are relative, this constant may be taken 
to he 1. The 1 g lines thus become contour lines with amplitudes equal 
to the reciprocal of the strain associated with the line. By varying 
the magnitude of the wing exciting force in six or seven steps, a suf- 
ficient number of contour lines are located to define the mode shape. 


Equipment 

The wing models were cantilevered from a large backstop and were 
excited acoustically by a public address system loudspeaker with the 
horn removed. The loudspeaker was driven hy a wide-range oscillator 
through a direct -coupled amplifier. The signal from strain gages on 
the wing root was fed through an amplifier to an electronic voltmeter 
placed beside the wing. A modified aerial camera mounted on the backstop 
above the wing was used to photograph the sand pattern and the voltmeter 
reading for each contour line. The sand used was washed and throughly 
dried to minimize sticking to the wing. 


Technique 

After clamping the model to the backstop, it was carefully cleaned 
to remove dirt and fingerprints which might cause the sand to stick to 
the wing. The loudspeaker unit was placed beneath the wing and the output 
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frequency varied until reasonance in the desired natural mode was indi- 
cated by a maximum deflection of the voltmeter needle. 

The loudspeaker was turned off and sand was sprinkled lightly over 
the surface of the model. The volume of the loudspeaker was slowly 
increased until the sand just started moving somewhere on the wing, 
usually at the tip or along one of the edges, depending on the mode. 

The camera shutter was opened for a time exposure to record the movement 
of the sand and the corresponding root strain indicated on the dial of 
the electronic voltmeter. Also recorded in the photograph were the wing 
identification and numbers indicating the attenuation setting of the 
strain-gage amplifier. The volume of the loudspeaker was further 
increased to move the contour line to a different position on the wing 
and another photograph was taken. The process was repeated in steps 
until all the sand on the wing was moving except along the node lines. 
Usually, six or seven photographs were sufficient to give a good spacing 
of the contour lines from the wing tip or edges to the node lines. 


Interpretation of Data 

The raw data are a series of photographs, each showing regions where 
the sand is blurred (moving) and sharp (stationary) and a meter reading 
and amplifier attenuation showing the corresponding root strain. A sample 
photograph is shown in figure 2. Here the wing is vibrating in the third 
mode and two regions of stationary sand, A and C, and two regions of 
moving sand, B and D may be seen. Regions A and C are vibrating with 
an acceleration less than that of gravity, and regions B and D with an 
acceleration greater than that of gravity. The lines separating these 
regions are vibrating with an acceleration equal to that of gravity and 
therefore are lines of equal amplitude. The meter reading multiplied 
by the amplifier attenuation, 30, gives the relative strain at the root 
associated with these particular lines. The numbers and letters at the 
top of the photograph are wing, mode, and frequency identifications. 

Lines separating the regions of moving and stationary sand were 
drawn on each photograph and a composite drawing of the wing was made 
showing the locations of the various lines of equal amplitude. The 
reciprocal of the root strain for each of these lines was noted on the 
composite drawing. These numbers indicate the relative deflection of 
the wing along that particular line. A sample composite drawing is 
shown in figure 3 * The whole numbers beside each line identify the 
photograph from which the lines were obtained and the fractional numbers 
indicate the relative deflection. 

Each wing was divided into six spanwise stations at 0.1, 0.3, 0.5, 
0.7, 0.9, and 1.0 semispan, and five chordwise stations at 0, 0.25, 0.50, 
0.75, and 1.00 chord, as shown in figure 3 . A plot was made of relative 
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amplitude of deflection against semispan distance y/z at each of the 
five chordwise stations. Another plot was made of relative amplitude 
of deflection against chord, x/2b, at each of the six semispan stations. 
After fairing each of these plots by cross reference to the other, the 
values of the relative deflections at the intersections of the various 
spanwise and chordwise stations were normalized on the maximum deflection 
and arranged in tabular form. Examples of such plots are shown in fig- 
ures k and 5. A three-dimensional composite view, as shown in figure 6, 
was chosen to illustrate the mode shapes because of the complexity of some 
of the modes . 


Limitations 

The acceleration technique described in this paper has certain 
inherent limitations . 

The surface of the wing must be nearly horizontal so that sand 
particles do not roll and thereby give the impression of bouncing. 

Ihis condition is encountered at the leading edge of most airfoil shapesj 
however, with a little experience, allowance for this effect can be made 
in the interpretation of the results. A thick symmetrical double-wedge 
section, however, might present this problem over the entire wing surface. 
Low frequency modes are difficult to measure by using this technique due 
to the large amplitudes required to obtain accelerations equal to gravity. 


Models that are very light in weight and also very lowly damped 
(haying sharply tuned reasonances) present difficulties because of the 
rapid increase in amplitude near the resonant frequency. The sand that 
is sprinkled on the wing increases the mass of the wing enough to cause 
its frequency to shift slightly and thereby change its amplitude con- 
siderably. This condition makes control of the wing amplitude difficult 
as sand bounces off. Control of the amplitude can be maintained by 
adjusting the shaker frequency and output. 


EXPERIMENTAL VIBRATION MODES OF SEVERAL FLUTTER MODEIS 


Description of Models 

A complete description of the test models is presented in figure 7. 
In order that thickness distribution of the models may be readily avail- 
able, the ordinates of the section shapes, except for the flat plate 
models, are presented in table I. 
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The models were sprayed lightly with a flat black paint to serve 
as a background for the white sand. Electrical resistance strain gages 
were mounted at the root . 


Results and Discussion 

The first three natural vibration modes and frequencies are shown 
in figures 8 to 17. The modes are presented in perspective, looking from 
the root to the tip with the leading edge on the viewer ' s right . The 
wing semispans have been foreshortened slightly as an aid in perspective, 
and the wing deflections have been normalized on the maximum deflection. 

The vibration modes, as drawn, provide a quick qualitative repre- 
sentation of the manner in which the vibrating wing is deflecting. For 
a more detailed analysis of the vibration modes, tables of the normalized 
deflections at the 0.1, 0.3, 0.5, 0.7, 0.9, and 1.0 semispan, and the 
0, 0 . 25 , 0 . 50 , 0.75, and 1.00 chord stations are presented with each 
drawing . 

The first three mode shapes and frequencies for a cantilevered rec- 
tangular 2- by 5- by 0.064-inch magnesium plate were measured and are 
presented in figure 18. Also presented in the figure are theoretically 
obtained mode shapes and frequencies . First torsion modes were calcu- 
lated by means of the plate theory of reference 5 (using the solution 
of eq. (43)) and also by means of elementary torsion theory. (See, for 
example, ref. 3 .) Elementary beam theory was used to calculate the 
bending modes . 


CONCLUDING REMARKS 


A unique acceleration technique for measuring the natural vibration 
mode shapes of small wing models is described. The first three natural 
vibration mode shapes are presented for ten cantilever-wing models. 


Langley Aeronautical Laboratory , 

National Advisory Committee for Aeronautics, 
Langley Field, Va., December 6, 1956- 
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TABLE I 


NACA 65A AIRFOIL ORDINATES FOR t/2b = 0.020 and t/2b = 0.040 


“0® 

NACA 65A002 
±z 

NACA 65A004 

±Z 

0 

0 

0 

.5 

.156 

.311 

.75 

.190 

.378 

1.25 

.242 

.481 

2.5 

.329 

.656 

5.0 

.439 

.877 

7.5 

• 531 

1.062 

10.0 

.608 

1.2l6 

15 

.731 

1.463 

20 

.824 

1.649 

25 

.895 

1.790 

30 

.947 

1.894 

35 

.981 

1.962 

40 

.998 

1.996 

45 

• 997 

1.996 

50 

.977 

1.952 

55 

.936 

1.867 

60 

.874 

1.742 

65 

.796 

1.584 

70 

.704 

1.4oo 

75 

.601 

1.193 

80 

.488 

.966 

85 

.369 

.728 

90 

.247 

.490 

95 

.126 

.249 

100 

.005 

.009 

Leading-edge 


0.102 

radius . . 

0.0255 

Tr ailing-edge 

0.0045 


radius . • 

0.010 



Semispan, x 

Figure 1.- Illustration of the relation of the 1 g lines to wing amplitudes. 
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Figure 2.- Sample photograph showing how the regions of moving and stationary sand indicate 

contour lines. 
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Figure 3.- Sample of a composite drawing of a 45° swept-tapered wing vibrating in the third mode 

showing the contour lines. 
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Fraction of soan 


Normalized deflection 
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Figure 1+.- Normalized deflection of a 1+5° swept-tapered wing plotted 
against semispan for five chordwise locations. 


Normalized deflection 
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Figure 5 .- Normalized deflection of a 4-5° swept-tapered wing plotted 
against chord for six spanwise locations. 


Heavy long dashed lines indicate shape 
of wing at maximum amplitude of cycle. 



Figure 6.- Third natural vibration mode, f-^ - 220 cycles per second. 
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Flat plate- leading and 
trailing edges beveled 1/4" 
Magnesium 

Density = 0.064 lb/in 3 
C.G. at 50% chord 
A = 15° 

X = 1.0 

t = .041 inch 


Flat plate -leading and 
trailing edges beveled 1/4" 
Magnesium 

Density =0.064 lb/in 3 
C.6. at 50% chord 
A = 30° 

X = 1.0 

t = .041 inch 


Flat plate- leading and 
trailing edges beveled 1/4" 
Magnesium 

Density = 0.064 lb/in 3 
C.G. at 50% chord 
A = 45° 

X = 1.0 

t = .041 inch 


Flat plate- leading and 
trailing edges beveled 1/4" 
Magnesium 

Density = 0.064 lb/in 3 
C.G. at 50% chord 
A = 60° 

X = 1.0 
t = .041 inch 


Fiat plate- leading edge 
beveled 1/8" 

Magnesium 

Density = 0.064 lb/in 3 
CG. at 50% chord 
45° delta 
t = .034 inch 



Flat plate- leading edge 
beveled 1/8" 

Magnesium 

Density = 0.064 lb/in 3 
C.G. at 50% chord 
60° delta 
t = .034 inch 


NACA 65 A section 
Magnesium 

Density = 0.070 lb/in 3 
C.G. at 46% chord 
A = 0° 

X = 0.2 
t/2b = 0.020 


NACA 65 A section 
Laminated spruce 
Density = 0.0188 lb/in 3 
C.G. at 46% chord 
A = 45° 

X = 0.4 
t/2b = 0.040 


NACA 65 A section 
Laminated spruce 
Density = 0.0194 lb/in 3 
C.G. at 46% chord 
A = 60° 

X = 0.2 
t/2b = 0040 


NACA 65 A section 
Laminated spruce 
Density = 0.0198 lb/in 3 
C.G. at 46% chord 
A = 60° 

X = 0.4 

t/2b = 0.040 


Figure 7 •- Dimensions, density, and center-of-gravity location of wing models. Sweep angles are h 

measured from 0.25 chord. ^ 
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Fraction 

of 

chord 

Normalized deflection at y h - 


.1 

.3 

.5 

.7 

.9 

1.0 

0.00 

.25 

.50 

.75 

1.00 

.039 

.043 

.048 

.053 

.056 

.160 

.175 

.185 

.200 

.225 

.316 

.338 

.360 

.383 

.406 

.547 

.569 

.5 R 9 

.608 

.631 

.300 

.817 

.840 

.856 

.875 

.935 

.952 

.966 

# q$3 

1 # .000 


(a) First natural vibration mode; f]_ = 35 cycles per second. 

Figure 8.- Natural vibration modes for magnesium flat-plate model. A = 15°; A = 1.0 

A = 5 - 35 - 


t/2b = 0.020; 
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Fraction 

of 

chord 

Normalized deflection at y/i - 

.1 

.3 

.5 

.7 

.9 

1.0 

0.00 

-.088 

-.361 

-.579 

-.485 

-.207 

-.055 

.25 

-.080 

-.289 

-.407 

-.297 

-.008 

.117 

.50 

-.069 

-.210 

-.260 

-.106 

.180 

.310 

.75 

-.044 

-.135 

-.120 

.100 

.386 

.524 

1.00 

-.014 

-.062 

.014 

.331 

.758 

1.000 



(b) Second natural vibration mode; ~ 205 cycles per second. 


Figure 8.- Continued 
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Heavy long dashed lines indicate shape 
of wing at maximum amplitude of cycle. 
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(c) Third, natural vibration mode; fj = 2J8 cycles per second. 


Figure 8.- Concluded. 
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Fraction 

of 

chord 

Normalized deflection at y/z ® 

.1 

.3 

.5 

.7 

.9 

1.0 

0.00 

.25 

.50 

.75 

1.00 

.on 

.015- 

.018 

.025 

.030 

.052 

.067 

.080 

.098 

.118 

.126 

.148 

.170 

.195 

.226 

.233 

.267 

.296 

.328 

.370 

.383 

.420 

.461 

.518 

.604 

.472 

.509 

.625 

.778 

1.000 


Heavy long dashed lines indicate shape 
of wing at maximum amplitude of cycle. 


Heavy solid lines indicate 
wing at rest. 


(a) First natural vibration mode; f^ = 39 cycles per second. 


Figure 9*- Natural vibration modes for magnesium flat-plate model. A = 30°; A = 1.0; t/2b = 0.018; 

A = 4.15. 
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(b) Second natural vibration mode; ±2 - 212 cycles per second. 

Figure 9 .- Continued. 
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( c) Third, natural vibration mode^ = 272 cycles per second. 

Figure 9 .- Concluded. 
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1.0 



Fraction 

of 

chord 

Normalized 

deflection at y/j r 


.i 

.3 

.5 

.7 

.9 

1.0 

0.00 

.007 

.054 

.124 

.210 

.350 

.467 

.25 

.017 

.070 

.155 

.259 

.418 

.557 

.50 

.021 

.091 

.191 

.313 

.510 

.673 

.75 

.028 

.117 

.238 

.395 

.640 

.810 

1.00 

.039 

.159 

.307 

.500 

.812 

1.000 


Heavy long dashed lines indicate shape 
of wing at maximum amplitude of cycle. 


Heavy solid lines indicate 
wing at rest. 


(a) First natural viorauion moae; i ± = cycj.es per secona. 

Figure 10.- Natural vibration modes for magnesium flat-plate model. A = 45°; A = 1.0; t/2b 
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Fraction 

of 

chord 

Normalized deflection at y/jj « 

.i 

.3 

.5 

.7 

.9 

1.0 

0.00 

.007 

.132 

.578 

.872 

.904 

.857 

.25 

.021 

.286 

.625 

.718 

.668 

.607 

.50 

.046 

.300 

.471 

.403 

.014 

-.143 

.75 

.050 

.179 

.057 

-.282 

-.678 

-.786 

1.00 

-♦036 

-.196 

-.518 

-.793 

-.947 

-1.000 


Heavy long dashed lines indicate shape 
of wing at maximum amplitude of cycle. 


Heavy solid lines indicate 
wing at rest. 


(b) Second natural vibration mode; f 2 = 184 cycles per second. 


Figure 10.- Continued. 
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Heavy long dashed lines indicate shape 
of wing at maximum amplitude of cycle. 



Fraction 

of 

chord 

Normalized deflection at y/i r 

.1 

.3 

.5 

.7 

.9 

1.0 

0.00 

.25 

.50 

.15 

1.00 

.000 

-.004 

-.008 

-.050 

-.214 

-.017 

-.059 

-.201 

-.470 

- 1.000 

-.071 

-.185 

-.374 

-.676 

- 1.000 

.063 

-.029 

-.200 

-.412 

-.504 

.622 

.520 

.416 

.310 

.250 

1.000 

.840 

.735 

.681 

.651 


ro 

■p- 


Heavy solid lines indicate 
wing at rest. 


(c) Third natural vibration mode; fj = 263 cycles per second. 

Figure 10 .- Concluded. 
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Fraction 

of 

chord 

Normalized deflection at y/j r 

.1 

.3 

.5 

.7 

.9 

1.0 

0.00 

.012 

.040 

.085 

.164 

.286 

.330 

.25 

.015 

.055 

.316 

.215 

.376 

.475 

.50 

.022 

.091 

.371 

.315 

.510 

.620 

.75 

.040 

.135 

.272 

.455 

.665 

.800 

1.00 

.062 

.211 

.400 

.63 5 

.830 

1.000 


(a) First natural vibration mode; = k-7 cycles per second. 

Figure 11.- Natural vibration modes for magnesium flat-plate model. A = 6o°; A = 1.0; t/2b = 0 010* 

A = 1.39. 
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Fraction 

of 

chord 

Normalized deflection at y/j r 

.1 

.3 

.5 

.7 

.9 

1.0 

0.00 

-.008 

-.039 

-.156 

-.383 

-.495 

-.515 

.25 

-.016 

-.078 

-.258 

-.433 

-.445 

-.390 

.50 

-.022 

-.133 

-.312 

-.328 

-.156 

.047 

.75 

-.034 

-.159 

-.180 

.019 

.350 

.515 

1.00 

-.055 

-.089 

.109 

.484 

.867 

1.000 


(b) Second natural vibration mode; f 2 = 207 cycles per second. 

Figure 11.- Continued. 
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Heavy long dashed lines indicate shape 
of wing at maximum amplitude of cycle. 



Heavy solid lines indicate 
wing at rest. 


Fraction 

of 

chord 

Normalized deflection at y/\ 3 

.1 

.3 

.5 

.7 

.9 

1.0 

0.00 

-.024 

-.m 

-.347 

-.606 

-.667 

-.650 

.25 

-.045 

-.125 

-.202 

-.303 

-.505 

-.707 

.50 

-.071 

.000 

.238 

.216 

-.252 

-.666 

.75 

.101 

.545 

.808 

.657 

-.162 

-.656 

1.00 

.465 

.980 

1.000 

.657 

-.353 

-1.000 


(c) Third natural vibration mode; f-j = 380 cycles per second. 

Figure 11.- Concluded. 
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(a) 


First natural vibration mode; f-|_ = 125 cycles per second. 


Figure 12.- Natural vibration modes for magnesium model with NACA 65 A section. A = 0®* A = 0 20' 

t/2b = 0.02; A = 4.0. ' * ' 
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(b) Second natural vibration mode^ f*2 = 370 cycles per second. 

Figure 12.- Continued. 
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(c) Third natural vibration mode; fj = 510 cycles per second. 

Figure 12.- Concluded. 
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(a) First natural vibration mode; fj_ = 95 cycles per second. 

Figure 13.- Natural vibration modes for wood model with NACA 65 A section. A = 45°; A = 0.4; h 

t/2b = 0.04; A = 4.0. 
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Heavy long dashed lines indicate shape 
of wing at maximum amplitude of cycle. 
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/ 
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V\ 

% 

c 

y 
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tfL > 

% 
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Fraction 

of 

chord 

Normalized 

deflection at y /2 r 


.1 

.3 

.5 

.7 

.9 

1.0 

0.00 

.010 

.092 

.265 

.474 

.479 

.430 

.25 

.020 

.097 

.255 

.4°3 

.408 

.393 

.50 

.015 

.051 

.082 

.097 

.102 

.089 

.75 

-.031 

-.163 

-.321 

-.439 

-.500 

-.510 

1.00 

-.092 

-.377 

-.739 

-.944 

-.995 

-1.000 



Heavy solid lines indicate 
wing at rest. 
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(b) Second natural vibration mode; f2 = 326 cycles per second. 

Figure 13 .- Continued. 
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Figure 13. -/ Concluded. 
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(a) First natural vibration mode; f-j_ = 43 cycles per second. 


Figure 14.- Natural vibration modes for wood model with NACA 65A section. A = 6o°; A = 0.4; 

t/2b = 0.04; A = 4.0. 
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Heavy long dashed lines indicate shape 
of wing at maximum amplitude of cycle . 
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■Heavy solid lines indicate 
wing at rest. 


(b) Second natural vibration mode; f 2 = 171 cycles per second. 


Figure 14.- Continued. 
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(c) Third natural vibration mode; fj = 328 cycles per second. 

Figure 14 .- Concluded. 
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(a) First natural vibration mode; = 74 cycles per second. 

Figure 15.- Natural vibration modes for wood model with NACA 65 A section. A = 6o°; A = 0.20; 

t/2b = 0.0k; A = 4.0. 
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(b) Second natural vibration mode; fQ = 208 cycles per second. 


Figure 15*- Continued. 
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(c) Third natural vibration mode; = 415 cycles per second. 


Figure 15 .- Concluded. 
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(a) First natural vibration mode; = 5 0 cycles per second. 


Figure l6.- Natural vibration modes for 45° magnesium flat-plate delta model. t/2b 


0.006. 
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(b) Second natural vibration mode; = 184 cycles per second. 

Figure 1 6 .- Continued. 
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(c) Third natural vibration mode; = 258 cycles per second. 


Figure l6.- Concluded. 
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(a) First natural vibration modej f^ = 66 cycles per second. 

Figure 17.- Natural vibration modes for magnesium 6o° flat-plate delta model. t/ 2 b = 0 . 00 k, based 

on root chord. 
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-Heavy solid lines indicate 
wing at rest. 


Heavy long dashed lines indicate sha.pe 
of wing at maximum amplitude of cycle. 


(b) Second natural vibration mode; f2 = 185 cycles per second. 


Figure 17*- Continued. 
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(c) Third natural vibration mode; = 33^ cycles per second. 


Figure 17.- Concluded. 
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Figure 18.- Comparison of theoretical and experimental vibration modes 
of 2- by 5- by 0.064-inch magnesium flat-plate cantilevered- wing 
model. 
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